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HEADQUARTERS, US ARMY AVIATION SYSTEMS COMMAND
4300 GOODFELLOW BOUL EVARD, $T. LOUIS, MO 6N

REPLY TO
ATTENTION OF

DRBAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No, 81-11, JUH-1H Pneumatic Boot Deicing System Flight Test
Evaluation

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Engineering
position on the subject report. The objective of this evaluation was to deter—
mine the feasibility of a Pneumatic Boot Deicing System (PBDS) on helicopter
rotor blades. The UH-1H was selected as a viable helicopter on which to conduct
the evaluation mainly due to its suitable configuration and availability. The
evaluation wss a joint effort by the US Army, National Aeronautics and Space
Adminigstration (NASA) and BF Goodrich (BFG) Company. There was no inteat to
conduct an Airvorthiness Qualification Program (AQP) per AR 70-62 siuce fielding
of the UH~1H configured with a PBDS was not a requirement. All Airworthiness
testing conducted during the evaluation was strictly for releasing an envelope
such that the PBDS could be adequately evaluated. 1t should be noted that a
carefully controlled three phase program was conducted which culminated in arti-
ficial icing tests using the Icing Spray Rig at Ottawa, Canada.

2, This Directorate sgrees with the report conclusions and recommendations with
the exceptions identified herein. Comments are directed to the paragraph of the
report as indicated delow:

a. Parsgraphs 60sa., d., e., f., B., i., and j. These paragraphs relate to
recommending changes to the PBDS prior to further testing. While the changes
are desirable and encouraged, they are not mendatory and ghould be left to
NASA/BFG to decide prior to icing tests being conducted in forward flight.

b. Paragraphs 60b., ¢., ke, 1., n., 0., and p. These paragraphs ralate to
recommended changes to the PBDS prior to US Army type operational testing.
While these changes would be necessary prior to operational testing they are not
mandatory for continued research and development testinz of the PBDS.

¢c. Para 60m. The recommendation to reduce airspeed to below 80 KCAS and
land ae soon as practical following a PBDS failure in the vented condition will
be incorporasted in future operations. This is necessary to reduce the severe
vertical vibration encountered with the failed PBDS.
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DRSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No. 81-11, JUH-1H Pneumatic Boot Deicing System Flight Test
Evaluation

d. Para n. The recommendation to reduce spaawise coverage of the PBDS
should be a prime effort. This way significantly reduce profile drag and signi-
ficantly improve the overall PBDS performance.

3. The report prepared by the US Army Aviation Engineering Flight Activity
(USAAEFA) provides excellent documentation of a well executed research flight
test program tc date. The problem areas which if corrected by NASA/BFG and
reevaluated by USAAEFA could lead to a lightweight and cost effective helicopter
rotor blade deicing system., However, it should be noted that the flight perfor-
mance loss with the PBDS operating is excessive compared to elecrical deicing
systems. A final consideration is one related to the type of airfoil tested
with the PBDS concept installed. The test JUH-1H incorporates a NACA 0012 rotor
blade while newer airfoil sections such as the SCIO95R8 are aerodynamically
advenced. The new airfoils could result in significantly different PBDS
problems as compared to the 0012 airfoil PBDS installation and these differen-
ces should be considered for any future testing. The next phase of JUH-1H PBDS
testing should be conducted in forward flight under artificial and natural icing
conditions., This is considered essential to the research effort since forward
flight represents the normal mode of flight where differeat problems associated
with the PRDE will be identified.

RONALD E. GORMONT

Aocession For Acting Director of Engineering
RTIS GRAXI

DTIC TAB

Unannounced 0O
Justifiocntion

By
Distribution/ ]

Availability Codes

Avail and/or
Dist Special




o Dl T gt i g e ety Cet A Ad Tl Softtd PR AN T T tan Py £ ' Pk Sk Db M At Shetuber oA A WA S O A A N

INTRODUCTION

Backgroundesseeceoosscestssasestnossasasssasccosnscncans
Test Ohjectives.............-......»...........n.....
Description.cescccserosssovensossncsnscnsesrsncsssssssssns
Test scopeootoo.o.oono.oo-ooooﬁavnooooa:oo.ac.-ooo-ooo

Teat Methodology.ooo...0..00.0o.ono.o.ll..cc--o—.0-0..

£ WD = = g

RESULTS AND DISCUSSION

Genetal....-........................-.........u...... 6
Phase I Structural Loads Surve)’-.......o..n.......... é
&neral....".".................................. 6

7

Ground Stmctural Tests......l...’............'.Q.

Inflight Structural Test8.ceceescrersccvsssccsrcocs 11
Phase II Performance and Handling QualitieS.sececcsees 12
Perfomnceoccooocooonoooooo.ooooooooooooooooo-ooc 12
General,.cccecscencocsssasosssstocsnssssscsssns 12

Hover PerformancCescecccsocscscsccessosssosncssnns 12

Level Flight Performance.scsscecccsccccocscone 12
Autorotational Descent PerfolmancC€eescesnccssce 13
Handling QualitieScccccscescssssscscovecsscososncas 14
General......’l....0...0..0lll.......l’....l.. 14

Control Positions in Trimmed Forward Flight... 14
Low~Speed Flight CharacteristicCB8esccececccscesce 14
Autorotational Handling QualitieScesssscescsse 14
Helicopter Response to PBDS Activation.e.ceoceceoe 15

Pmse III Artificial Icing Test-...................... 17
General.ccessccccccsscososenissossossossossssoseons 17
ICEX® (Ice Adhesion Depressant) Testingeseeceeccceeces 28
Reliability and Maintenance.ccececescocssccssssccnrenca 28
Generalecesoseressoscocosercscesennscsnsnsscascnnne 28
Phage I Testingecscocseosvovsrsossccncssssnseans 30

Phase III Testingesesesessesscssoscssscccssaae 32

CONCLUSIONS

Generalb‘...l............0.0..0..0....0..0....l... 33

PrOblelll Areas-.ooot..oo--o-'o.oco.oion..-ot-o.ca.. 33

ucmNDATIONS....A..nnaalconololblQ..l.l.l.'..........ll 34

e e T P P

T gt i — T T —a -l PR3 L AR U g NI ATE R IR A LA LR IR




e TR TR TR ORR T R T R T TR TR T T

APPENDIXES

A.
B.
C.
D.
g.
F.

REfOrONCEBecocostetcoostessrnenssessnssssoscscssccsssnss
Delctiption.........;..o............o.-.....-.-..o.-..
Instrumentation and Special Equipment.cccecccccssscees
Test Techniques and Data Analysis Methods..cecececsses
Test Dat@leccccecssvecsescosesosscssesesnsssvsnssnsosas

Uﬂ-lﬂ conttOI Syﬂtem Load. “onitoringoooooooo'oo-00ooo

DISTRIBUTION




INTRODUCTION

BACKGROUND

1. Pneumatic deicer boots have seen extensive application on
fixed wing aircraft. Numerous material problems, however, have
prevented their use on helicopter rotors. The concept was revived
by development of an erosion resistant polyurethane elastomer
(trade name ESTANE®) by the BF Goodrich (BFG) Company. In 1979,
the National Aeronautics and Space Administration's (NASA)
Lewis Research Center in cooperation with BFG conducted limited
wind tunnel icing tests to evaluate the feasibility of pneumatic
boot deicing concepts for helicopter rotor systems as reported
by NASA Lewis in 1980 (ref 1, app A). To flight test the concept,
NASA's Ames Research Center requested the assistance of the US
Army Aviation Research and Development Command (AVRADCOM) (ref 2,
app A). AVRADCOM subsequently tasked the US Army Aviation Engi-
neering Flight Activity (USAAEFA) to conduct flight tests to eval-
uate the feasibility of the pneumatic concept for helicopter rotor
systems (ref 3, app A). A test plan (ref 4, app A) was submitted
in September 1981 and revised in March 1982. The airworthiness
release (ref 5, app A) was initially issued 18 November 1981.

2. BFG manufactured the prototype ESTANE® pneumatic boots and
installed them on a set of government-furnished UH-1H main rotor
blades provided by NASA-Ames. BFG also furnished the de-icer
system control components. Bell Helicopter Textron (BHT), under
a NASA contract, instrumented two main rotor blades, main rotor
hub, aast, ritch change link, and the three wain rotor control
actuator extension tubes for inflight measurcment of structural
loads. BHT also designed and built an instrumentation and
pneumatic slip ring assembly (incorporating the BFG furnished
rotating union) which was installed on the test helicopter at
USAAEFA prior to testing.

TEST OBJECTIVES

3. The objectives of this evaluation were to determine an
operational flight envelope and conduct feasibility testing of the
Pneumatic Boot Deicing System (PBDS) conception on a JUH-IH in
both dry air and artificial icing conditions.

DESCRIPTION

4., The test JUH-1H is a thirteen-place single engine helicopter
using a single two-bladed teetering main rotor and a two-bladed
pusher tall rotor. The maximum gross weight of the helicopter
is 9500 pounds. Power is provided by a Lycoming 153-L-13 free
turbine engine rated at 1400 shaft horsepower (SHP). However,
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the helicopter is limited by the transmission to 1100 SHP. A
nore cowplete description may be found in the operator's manual
(ref 6, app A). The test JUH-1H helicopter, USA S/N 70-16318, was
a standard production helicopter manufactured by BHT and has been
modified to incorporate a partial ice protection sytem (Kit A)
described in reference 7, appendix A, a rotor brake, and the
PBDS.

S. A prototype BSTANE® deicer boot was applied to the leading

edge of a atandard UB-1H rotor blade, as shown in figure A. The

deicer boot is designed to remove accumulated ice through pneuma- ¢
tic expansion (inflation) of chordwise and spanwise tubes.

G LEADING
EDGE

Figure A. Typical Cross Section of Installed
Deicer (Inflated)

The PBDS also consists of a modified mast, electrical and

pneumatic eliprings, associsted controllers, ulectrical compon-

snts, and air supply components for providing engine bleed air

to the PBDS as shown in figure B. Customer bleed air from the

engine is routed to the deicers in a single inflation activation

cycle. A normal activation cycle consists of inflation of the .
deicer boots for approximately two seconds, followed by subsequent

deflation., A more detailed description of non-standard features

of the test aircraft and the pneumatic deicing system is contained ¥
in appendix B.
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ELECTRICAL AND
SLIP

PNEUMATIC SLIPRINGS

PNEUMATIC DEICER

MODIFIED MAST
EJECTOR FLOW ¢
CONTROL VALVE

TIMER
REGULATOR
RELIEF VALVE
CHECK VALVE

TURBINE BLEED

Figure B, Pneumatic Deicer System Components

TEST SCOPE

6. PBDS testing was conducted in three phases. The flight loads
survey (Phase I) and performance and handling qualities testing
(Phase II) were conducted at Edwards Air Force Base (EAFB),
California during the period of 16 November 1981 through 30 Oct
1982, Artificial icing tests (Phase III) were conducted between
4 January and 25 February 1983 at Ottawa, Ontario, Canada. A
total of 41 test flights were conducted during which 39.6 hours
were flown. Where possible, flight test data were compared with
data obtained from previous flight testing of the UH-1H (refs 8,
. 9 and 10, app A).

i 7. USAAEFA had overall responsibility for conduct of the test to
. include maintenance and instrumentation of the test helicopter.
N BRT ard BFG furnished technical assistance during the installation
of the system. NASA-Ames provided funding for the evaluation
and technical and engineering support as required. AVRADCOM and
BHT provided a dynamicist to monitor structural loads during all
test phases,
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8. The test aircraft was operated within the limitations of the
operator's manual as amended by the airworthiness release (ref S,
app A) and limitations found during developmental testing of the
PBDS. Flight tests were conducted at the test conditions shown
in tadle 1.

TEST METHODOLOGY

9. Established flight test techniques (refs 11, 12, and 13, app A)
were used throughout this evaluation where poasible. Established
test methode used are briefly discussed in the Results and
Discussion section of this report while other nonstandard test
methods are fully discussed in appendix D with a brief discussion
in the Results and Discussion section. The Handling OQualities
Rating Scale (HQRS) shown in figure 1, appendix D, and the Vibra-
tion Rating Scale (VRS) shown in figure 2, appendix D, were used
to supplement pilot's qualitative comments. Flight test data
were recorded by hand and on magnetic tape. Six rotor systenm
component loads were monitored via telemetry (TM) to varify that
loads were within allowable limits. A detailed listing of test
instrumentation is contained in appendix C. Data snalysis methods
used are presented in appendix D. UH-1H Control System Loads
monitoring trail is presented in appendix F.
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Table |. Test Conditions
1
Average Average Trim
Test Gross Weight Denaity Calibrated Remarks
(1) Altitude Adrspeed
(ft) (knots)
Loads Survey 7120 co 9500 1800 to 7600 0 te 100 Inflight and ground
structural testing
In-ground effect
(5-foot skid
Hover Performaance 7420 vo 7640 1900 0 height), tethered
method
Level Flight 8140, 7880 8020, 9160 36 to 98 Ball centered,
Performance constant W/o cest
technique
Autorotational Ball centered
Qualitative 7900 6500 70, 80, 90 collective full
Evaluation down
Control Positions
in Triamed Forward 7800 to 8140 $12¢ to 9160 | 3¢ to 98
Fligne
0-202 rearward

Low-Speed Flight

7640 to 7800

3220

| 0-402 forward

S5-foot skid heignt
}0-202 left & right

Spray Rig lcing

7160 to 8000

=4700 to -2620 |

|

!

|
1 N |
S =15 | Hover in spray rig
Jrcloud. $ to 40~-foot

skid height.

NOTE:

INormal Uttlity Configuration, moid cg.

anott true airspeed

oo

ARENTUIATN L2 s

B Y U GO L R S R )

[ A Wi

Ve N et B

RN




RESULTS AND DISCUSSION

GENERAL

10. The evaluation of the PBDS consisted of three phases. Phase I
was a ground and inflight structural loads survey which establish-
ed an operational envelope up to 100 knots calibrated airspeed
(KCAS) in forward flight (deflated configuration) and 20 knots
true airspeed (KTAS) in sideward and rearward flight. Monitored
structural loads demonstrated that the test helicopter with
the PBDS installed may be safely flown through the established
envelope. Six problems with the PBDS were discovered during
this phase, three of which were subsequently corrected by BFG.
Phase II was a limited aircraft perfourmance and handling qualities
evaluation. The installation of the PBDS (deflated configuration)
adversely affected the hover and level flight performance of the
UH-1H, with large increases in power required for flight. Handling
qualities were not affected except for activation of the pneumatic
deicer resulting in a right aircraft yaw. Phase II1 involved
artificial icing tests in the National Research Council of Canada
(NRC) icing spray rig. These tests demonstrated that the PDDS
removad ice from the main rotor blades. Deicer material erosion
and material fajlures ware documented during all test phases.
Six additional problea areas were identified during Phase II
and III testing.

PHASE I STRUCTURAL LOADS SURVEY

General

11. Loads survey tests were conducted to establish a limited
flight envelope for the UH-1H helicopter with the PBDS inetalled
and were evaluated st the test conditions listed in table 1.
While a normal PBDS sctivation cycle is transient and consists of
a8 sicgle deicer boot inflation immedistely followed by deflation,
for test purposes three sustained configurations were useds (1)
deflated, representing a condition prior to PBDS activation.
(2) 4inflated, representing the pneumatically expanded boot
condition (normally of short duration) reached just after PBDS
activation, and (3) vented, representing a failure mode caused
by loss of bleed air allowing the boots to inflate partially.
The main rotor system was instrumented with strain gauges by
BHT, who provided a structural dynamicist to monitor loads wia
TH to verify that loads during each test point were within allow-
able limits and would probably remain so during the next test
point. PBDS temperatures were monitored at selected locations
as described in appendix C to determine if temperatures were in
excess of syetem component qualification valuea. As reported by
the BHT dynamicist, neasured loads demonstrated that the test




helicopter with the BFG PBDS installed may be safely flown through
the established flight envelope. No unusual or unexpected dynamic
responses of the main rotor or control systems due to the PBDS
installation or activation were noted. There were six PBDS problem
areas found during Phase I: (1) excessive pneumatic boot deflation
time during blade rotation, {(2) debonding of the pneumatic boot
from the main rotor blade, (3) self-activation of the PBDS
timer in a laboratory vibration test, (4) rupture (blowout) of
the poneuaatic boot during the inflation cycle, (5) pneumatic
deicer boot erosion and, (6) reduction of pressure delivered to
the pneumatic deicer boot througb the heat soaked ejector control
valve. All the problem areas except erosion resistance were
improved or corrected during Phase 1 testing.

Ground Structural Tests

12, Ground tests were conducted at a 9500 pound gross weight with
the aircraft secured by a clevis to a tie-down anchor. Rotor and
pitch change link losds were wmonitored for each boot condition
during start and run up to ground idle and 294 and 324 rotor revo-
lutions per minute (rpm). After a few seconds at each rpm, the
engine was shut down and the rotor system inspected. Once safe
operation was established for rotor speeds of 294 and 324 rpo,
engine power was incrementally incressed to maximum at these
rotor speeds. All loads monitored during the ground tests re-
sained below endurance limits.

13. Dynamic system/engine compatability tests were done for 294
and 324 rotor rpm at three power settings (minimum, midrange, and
maximum) by cycling the collective control and anti-torque pedals
at & BHT determined critical frequency of the dynamic system
(2.9 Hz) and 0.1 Hz above and below it. For each power setting
at 324 rotor rpm the boots were inflated and deflated during an
activation cycle and throttle reductione were made. No unusual
dynamic response was noted throughout these tests,

14, During the ground runs, an activation cycle of the PBDS at
flat pitch resulted in an engine torque increase of 3 pounds
per square inch (PSI) over the baseline 13 PSI required to main-
tain constant rotor speed. Elapsed time required for torque to
return to the baseline (deicer boot deflation time) was 12 to
14 minutes (fig. C). By comparison, with the main rotor blades
static and the PBDS connected to shop air at the test connection,
a complete cycle (inflation and deflation) of the defcer boots
took 7 seconds. The deicer deflation time of 12 to 14 minutes
was identified as a problem area and was decreased to 40 to
50 seconds by BFG after three modifications to the internal
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design of the pneumatic deicer boot which allowed progression

to inflight testing. Excessive pneumatic deficer deflation of .
40 to 50 seconds remains a problem area. Further reduction of -
deflation time should be accomplished prior to natural 1icing .
tests.

15. Two pneumatic deicer modifications required complete . emoval s
bt end instsllation of the deicer by BFG personnel. Tofal time .

required for retrofit by skilled BFG employees was approximately 8

16 man hours. On one occasion after retrofit, suspected contamin-
. ation of the adhesive resulted in debonding of the pneumstic -

buot from the main rotor blade, as shown in photo 1, creating a g

problem ares. The debonded pneumatic deicers wevre stripped

from the main rotor blades and an additional set of deicers

installed., No further defcer debonding of this type occurred :

during PBDS testing. '

16. Temperatures of PBDS components during ground tests were
monitored at selected locations described in appendix C by heat-
seneitive tape end thermocouples to determine 1if temperatures
created by the customer bleed air were in excess of component's
qualification values. Heat-sensitive tape placed at the pressure
inlet of the PBDS ejector flov coutrol valve indicated a value of
160°F after system operation at high aircraft power settings
(above 40-PSI torque). Initial BFG high-temperature enviranmental
testing qualified the ejector valve to 160°F. The PBDS ejector
flow control valve capability to pressurize the pneumatic deicer
to 25 PSI decressed to as low as 16 PSI after the valve heat-
sosked during normal deicer operstion. The 1inability of the
ajector flow control valve to pressurize the pneumatic deicer
to the BFG-detearained nominal pressure of 23 PSI was identified
as a problem area. The ejector control valve was returned to
BPG and was environmentally retested to 210°7 in accordance with
the experimental sirworthiness release requirement to test to a
temperature of 30°F greater than the maximum temparature recorded.
Modificastion of the ejector control valve resulted in a higher
deicer pressuriczation value of 22 PSI after the ejector control
valve heat-soaked. Reduction of system pressure after the ejector
control valve heat~-soaks remains s problem area. Further modif(-~
cation of the ejector control velve to achieve the nominal system
preassure of 25 PSI after heat-~soak should be accomplished prior
. to opsrational testing.

17. Environmental testing of the PBDS timer was conducted at NASA-
Dryden during the PBDS ground test phase. Thé timer was found to
self~-gctivate while undergoing vibration test in the longitudinal
axie at 1.5 g's between &7 - 94 Hz and would not meet NASA specif-
ications for flight assurance testing and specifications for
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Photo 1. Deicer Debonded from Blade Surface




electrical systems (refs 14 and 13, app A). Timer self-activation
was identified as a problem area. After modification of the timer
by BFG, the modified timer was returned to NASA-Dryden for
snvironmental testing. No failure wmodes were noted during vibra-
tional tests of the modified timer, but eight further timer
discrepancies were identified by the NASA-Dryden Safety aund
Quality Assurance Office. After correction of these discrepancies
by BFG, the timer was returned to USAABFA for use during PBDS
testing. No further timer problems wers encountered during
flight testing.

Inni‘ht Structural Tests

18. Inflight structural tests were conducted during hover, low
airspeed, and forward flight at an 8000 pound takeoff gross
weight aud rotor epeed of 324 rpm. Hover and low airspeed
tests to 40 KTAS forward and 20 KTAS g¢ideward and rearward
were conducted in-ground effect (IGE) at all three deicer boot
configurations (infleted, deflated and vented). Dynamic system-
engine compatibility tests at a hover included collective control
and anti-torque pedsl inputs and deicer boot inflations similar
to those of the ground tests. Forward flight teeting involved
PBDS activation cycles as well as the deflated and vented con-
- f4gurations. These tests included level flight from 30 to
"100 RCAS, climbs and descents at 60 and 90 KCAS with engine
power varied between minimum and oaximun available, turns at
90 KCAS up to 1.6 g's, and autorotational entries at 70, 80 and
90 KCAS.

19. The only msonitored load vhich exceeded endurance limits during
the inflight structural test was the main rotor pitch link axial
load. This load exceeded the structural endurance limit by 207
during activation of the PBDS in s 30° right coordinated turn
and was not considered criticsl or unusual by the BHT dynamicist.
There was nuo unusual dynsuic response noted throughout these
tents., .

20. During hover and low airspeed structursl tests, the outboard,
leading edge ares (beyond blasde station 240) of the pneumatic
deicer exhidited erosion and samall punctures of the ESTANE®
asterial. Erosion of the ESTAMNE® material was identiftied as a
problem ares and is discuesed in the reliability and maintain-
ability section (para 52) of this report.

21. While undergoing the PBDS operational check after installation
of the modified ejector control valve, one pneumatic deicer boot
ruptured (blow out). This created a slight rotor vibration with
loss of system vacuum duting deflation. Rupture of the pneumatic

11
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deicer was recognized as a problem area and is discussed under the
reliability and maintainability section (para 53) of this report,

PHASE I1I PERFORMANCE AND HANDLING QUALITIES

Performance
General:

22. Hover, level flight, and autorotational descent performance
testing were conducted at EAFB, California (2302 foot elevation)
at the conditions 1listed in table 1. Performance data were
obtained with the PBDS in the deflated, vented, and 1inflated
configurationes described in paragraph 1ll. The sustained infla-
tion configuration was used only for hover performance evaluation
purposes and is not a normal failure mode of the PBDS. The
performance data obtained with the PBDS fnstalled was compared
to standard Ui-14 data in reference 8, appendix A,

Hover Parformance:

23. Hover performance with deicer boots in the deflated, inflated,
and vented configurations was evaluated using the tethered hover
technique at a S-foot skid height in winds of less than 3 knots.
Figure 1, appendix E compares nondimensional hover performance
for each boot configuration with standard-blade hover data from
reference 8, appendix A. In dimensional terms, the performance
penalties caused by the PBDS on & UH-1H at 9000 pounds on a
standard day at sea level would be ]00 SHP deflated, 230 SHP
vented, and 370 SHP inflated. These values would correspond to
power required increases of 11, 25, and 41 percent, respectively.
The vented boot represents s condition that would exist with
loss of bleed air; however, the inflated-boot performance data in
figure 1 represents s transient condition found during infistion
of the deicer boot during an activation cycle, The increase in
power required to hover at 5 feet with the PBDS installed is a
problem srea which should be corrected in future pneumatic deicer
designs.

Level Plight Performance:

24, The level flight performance of the test UH-1H with the PBDS
installed was evaluated during trimmed ball-centered level fiight
at a thrust coefficient (Cr) of 0.0036 in the deflated and
vented configurations using the constant gross weight-to-deneity
ratio (w/8) method. Test results are compared in figure 2,
appendix B with the standard-bladed UH-1H data from reference 8,




appendix A, The PBDS was activated during steady state level
flight at several airspeeds to evaluate the effect on the perfor-
pance of the helicopter. A representative time history of the
activation cycle at 81 KCAS is presented in figure 3, appendix E.

25. At 90 KCAS, approximately 170 additional SHP over standard
i UH-1H blades i1is requircd with PBDS deflated. With the PBDS
L] vented, the additional SHP over standard blades increases to
340 SHP at 90 KCAS. The 1increase in power required for level
flight with the PBDS installed is a problem area. The increase
4 in power required for level flight with PBDS installed should be
reduced in future pneumatic deicer designs.

26. During the PBDS activation cycle at 8] KCAS, engine power
incressed within 2 seconds to approximately 180 SHP above the
steady state value before PBDS activation and resulted in a
4 to 5 rotor rpm trsnsient droop. The power increase equates to
approximately 360 SHP wore than the standard UH-1H under similar
gross weight and density conditions. The excessive power increase
during the PBDS activation cycle in forward flight is considered
8 problem area which should be reduced with future pneumatic
deicer designs.

27. During level flight performance testing in the vented condi-

tion (failure mode of the PBDS), severe vertical vibrations were

encountered st calibrated airspeeds above 92 knots. Testing at

higher sirspeeds in the vented condition was not attempted due :
to these vidbrations. 1In the event of PBDS failure resulting in ¢
a vented condition, airspeed should be reduced below 80 KCAS and '
a landing made as soon as practicable.

Autorotational Descent Parformance:

28, Autorotationsl descents were qualitatively evaluated at
the conditions presented in table | in the vented configuration.
The vented boot configuration would occur with an engine failure
and subsequent loss of the bleed air pressure needed to provide
the vacuum which keeps the bocts deflated. After establishing
“ s stable asutorotational descent, the PBDS air supply was shut
off at the regulator-relivver/snut~off valve to establish the
vented configuration which allowed the deicer boot to
% auto~inflate. Auto~inflation in this configuration results from
differential air pressures and centrifugal forces acting on the
boot. During the 5 to 10 second period of auto-inflating, the
autorotative rotor speed decreased by 4 to 6 rpm, but remained
above the lower limit of 294 rpm (collective held full down).
Steady state descent rates were approximately 800 to 900 feet
per minute greater than those reported in reference 9, appendix A
for standard blaudes. Prevention of deicer boot auto-inflation
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(ventad condition) in case of engine failure would prevent rpm
loss and lower descent rates during autorotation. A means of
prevanting auto-inflation should be developed prior to operational
testing of the PBDS.

Handling ggglitieo

General:

29. Handling qualities testing was conducted in conjunction with
Phase I (structural) testing and Phase II (handling qualities and
performance) testing. The handling qualities of the UH-1H heli-
copter with the PBDS installed were also qualitatively evaluated
throughout the dry air testing. Results of these teste weare
compared with the standard UH-!H data reported in reference 10,
appendix A.

Control Positions in Trimmed Forward Flight:

30. Control positions in trimmed ball-centered forward flight
wvere evaluatad from 36 to 98 KCAS with the PBDS in the deflated
and vented conditions. Tests were conducted in conjunction with
the level flight performance at the conditions presented in
table 1. Test results are presented in figures 4 and 5,
appendix E. The control position characteristics in trimmed
forvard flight are satisfactory and similar to standard UH-1H
helicopters.

Low-Spead Flight Characteristics:

31. The low-speed flight characteristics of the UH-1H helicopter
with the PBDS installed were evaluated at the conditions listed
in table 1, Tests were performed at a constant skid height of
10 feet in winds of 5 knots or less. A ground pace vehicle with a
calitrated f1fth wheel was used as a speed reference. Data were
recorded at 5-knot increments from a hover to 40 KTAS8 forward
snd 20 KTAS sideward and rearvard. The low-speed flight data
were obtsined with the PBDS in the deflated and vented conditions
and ie presented in figures 6 through 9, appendix E. Variations
in the control positions during lcw-speed flight as a result of
venting the boot are essentially the same as the PBDS deflated
data and will not be addressed soparately. Results are consistent
with previously reported data on s standard UH-1H (ref 10, app A)
and are satisfactory.

Autorotational Handling Qualities:

32. The autorotational handling qualities were qualitatively
evaluated during entry, steady state descent and during simulated
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sutorotational landings which were terminated with a powver
recovery. These tests were accomplished with the PBDS in the
vented condition simulating an engine failure at entry airspeeds
of 70, 80, and 90 knots calibrated airspeed (KCAS). The standard
deceleration and pitch application used for autorotational
landing practice in a standard UH-1H wvere effective in slowing
the forward ground speed and rate of descent of the UH~1H with
the PBDS installed. Rotor speed remained in the normal operating
range except with pitch application during recovery and there
was no tendency to overspeed during the deceleration. The
autorotational handling qualities of the UH-1H with the PBDS
installed are similar to standard UH-1H helicopter during steady
state descent and simulated autorotational landings to a power
recovery, however, increased descent rates will result in modifi-
cation of the height velocity and glide distance charts for safe
engine out operation of the test UH-1H.

Helicopter Response to PBDS Activation:

33. The response of the UH-1H during activation of the PBDS
cycle was qualitatively evaluated during hover, low-speed flight
and forward flight at airspeeds throughout the established flight
envelope. Control fixed aircraft response was evaluated to
determine the change in aircraft rates and attitudes under various
flight conditions and pilot in the control loop controlling air-
craft rate and attitude response was evaluated under similar
conditions to determine the level of pilot effort required to
control the aircraft during the PBDS activation cycle. Represent-
ative time histories of controls-fixed and pilot compensated
aircraft response at 81 KCAS forward flight are presented in
figures 3 and 10, appendix E, respectively.

34, During a hover the controls fixed aircraft respouse to PBDS
activation generally resulted in a moderate right yaw with rates
up to 30 degrees per second. Very little roll or pitch attitude
change was observed. This yaw rate was controlled three times by
the pilot with the application of approximately !/2 inch left
pedal resulting in an initial heading excursion of +10 degrees.
With increasing airspeed, the yaw rate became less. During
forward flight at 81 KCAS the helicopter started a slow right
yav (up to S degrees per second) followed by a right roll (max-
imum rate 10 degrees per second) and small pitch attitude change
of two to three degrees. With the pilot 1in the control 1loop
during the PBDS activation cycle, precise control of helicopter
attitudes required inputs to all controls. At 81 KCAS in level
flight (fig. 10, app E) approximately 3/4 inch left pedal input
was required to 4initfally maintain constant heading control
(+5 degrees). As power required reduced to base line over
45 geconds during boot deflation left pedal settings were also

15




reduced to maintain trim condition. Ome-half inch lateral cyclic

inputs were required to wmaintain & constant roll attitude

(+3 degraes angle of bank) end one-fourth inch longitudinal

cyclic inputs were required to maintain a relatively constant

pitch attitude and airspeed control (+5 knots). These inputs

required during activation of the PBDS in forward flight required

moderate pilot compensation (HQRS 4). The aircraft response to

PBDS activation during hover and forward flight is a problem -
area, Aircraft response to PBDS activation during hover and

forward flight should be improved ir future P3DS designs.

35, Vibration assessuents using the VRS (fig. 2, .app D) were
qualitatively obtained at 10 knot increments from 30 to 100 KCAS
in level flight as presented in table 2. Flight at airspeeds
greater than 90 KCAS for extended time should not be conducted
with the deicers in the deflated configuration due to moderate
vertical vibrations encountered above 90 KCAS (VRS 6). With the
deicers in the vented configuration airspeed should be kept
below 80 knots and landing made as soor as possible. Activation
of the PBDS at 90 KCAS and above resulted in psevere vertical
vibrations (VRS 7 and 8) for approximately 8 seconds during
inflation and the start of boot deflation. The PBDS should not
be activated at airspceds of 90 KCAS and greater due to severe
vertical vibratfons encountered at these airspeeds with the PBDS
activated. The vertical vibration levels experienced during
activation and also venting of the PBDS is a problem area which
should be decreased in future pneumatic deicer designs.

Table 2. Vibration Rating Assessment in Level Flight

Deicer Knots Calidbrated Airspeed
Configuration | 30 40 S0 60 70 80 90 100
Deflated (normal)| 2 2 2 2 2 2 3 4
Vented! 3 3 3 3 15 6 7 .
Inflated? 3 3 3 3 | 5|50r6|70r8 .
NOTES:

lvented condition would result with disruption of bleed air

pressure or flow rate.
Zpeicer boots were inflated during normal PBDS activation.
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PBASE III HOVERING ARTIFICIAL ICING TEST

Genaral

36. Inflight artificial icing tests were conducted during January
and February 1983 at the NRC icing spray rig in Ottawa, Ontario,
Canada to evaluate the ice removal capabilitics of the PBDS. The
spray rig provided a cloud 75 feet wide by 15 feet high from a
nozzle array of 156 steam atomizing water nozzles. As shown in
photo 2, the spray rig installation allowed hovering the test air-
craft 20 to 30 feet above the ground while exposing the rotor
system to the spray cloud when winds were greater than 6 knots.
The cloud median volumetric diameter was reported to be
30 microns, and flow rate was adjugtable to allow a maximum
1iquid water content (LWC) of 0.8 gm/m”. Wind speed and gustiness
impact uniformity of the cloud, affect estimation of LWC and
changes in wind direction and gustiness move the cloud relative
to the hovering aircraft, affecting consistency of rotor immer=
sion. The temperature range of interest for these tests was -5
to -20°C, with LWC values as high as 0.75 gm/m3.

37. In determining a suitable test procedure, an ice thickness of
0.25 inch at the rotor blade mid-span (blade station 144, 12 feet
from the hub) was selected as a baseline condition. Previous
UH-1H test data of immersion times in the Ottawa spray rig for
this ice thickness were already available in reference 16,
appendix A and 0.25 inch accreticn at mid-span was known (o not
seriously affect UH-1H performsnce. In addition, a 0.25 incn ice
accretion is a minimum thickness typically recommended for cycling
pneumatic deicing boots on fixei-wing aircraftc.

38. To document ice accretions and deicing action of the PBDS
inflight, high-speed video and motion picture photography from
the ground was used. After shutdown, visual inspecicion of ice
coverage and shapes at mid-span and at the inboard end of the
deicer boots (blade station 54) were made. Obgervations were
recorded on data sheets and pertinent photographs were taken.

39. The test procedure involved first immersing the aircraft in
the spray cloud for a time interval estimated necessary to accrete
a 0.25 inch ice thickness at the rotor blade mid-span point. On
examination after shutdown, measured ice thicknesses were not
always the desired 0.25 inch and not always available at the mid-
span point because of self-shedding and non-uniform c¢loud immer-
sion. Actual ice accretions varied from 1/16" to 3/8" at mid-span
and from 1/64" to 3/16" ar the inboard end of the deicer boots.
After these initial ice accretions were documented, the aircraft
was restarted and a PBDS activation cycle performed to shed the
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ice. The aircraft was again shutdown, and an inspection of the
ice remaining was made to document the effactiveness of 1ice .
removal by the delcer boots. If the blades were not entirely y
clean, resicual ice was removed by inflating the boots with a :
portable air bottle and then rubbing a leather glove over the
deicer boot surface. .

. 40, After this sequence was accomplished, the spray cloud was re-
entered for an immersion time necessary to reach either an air-
craft operating limit or 15 minutes. The applicable aircraft
limits were either an increase of 5 PSI engine torque, an increase
in inlet differential pressure of 10 inches of water, or onset
of a uwoderate vibration level resulting from an asymmetric shed.
If an aircratt limit was reached or approximately ‘15 minutes of
cloud immersion had elapsed, the aircraft exited the cloud and a
PBDS activation cycle was performed. PBDS activation cycles
were documented with high-speed video. The aircraft was then
shutdown to inspect any ice remaining.

e v meam

41. An additional evaluation similar to that described above was
performed with the deicer boots treated with ICEX®, a sgilicone
base polymer proprietary to BFG. ICEX® {: an ice adhesion depres-—
cant specifically formulated to bond to the deicer boot surface,
and reportedly reduces the adhesive force of the ice on the de-
icer surface to less than one-sixth that of an untreated surface.

42, The artificial 1icing tests were performed at the temperature

and LWC conditions shown in table 3 and figure D. A total of 39

individual icing cloud immersions and 43 PBUS activation cycles -
- were completed. Overall, the deicing capability of the deicer )
boots was satisfactory at all conditions tested in the spray :
rig. Two problem areas were 1identified during Phase III: (1)
breakdown of internal pneumatic delcer ventilation material
during blade rotation and (2) loss of regulated PBDS pressure
during flight. Loss of regulated PBDS pressure was corrected at
the test site during Phase III, however, internal hreakdown of
the pneumatic deicer will require further investigation by BFG.

. 43, At accretion levels greater than 0.25 inches at mid-span,

activation of the PBDS resulted in cowplete removal of the 1ice

cap from the leading edge of the main rotor. As shown by high

speed photography, 1ice fracturing began inboard as the pneumatic

deicer inflated. At liower accretion levels, 1ice of 1less than

0.06 fnches was sometimes retained, as shown in photo 3, but

subsequent delcer cycles after further 1ice accretion during 3
multiple immersions removed these accumulations.

19
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Table 3. Spray Rig Icing Test Conditions

Equivalant Wind Speed
LWC at OAT Immersion and
Adrcraft (°C) Time Gustiness!

(gn/a3) (min) (mph)
| ~13 4 15 Ml
0025 -I5.5 - 5 IS M
“=12.5 5 1/2 10 M
~12.95 6 10 M
-17.5 1% “10 M
0.25 =16 8 1/4 10 M
-15.5 3 172 10 M
=15.5 S 1/2 10 M
=18 10 172 10 M
0.25 =18 8 1/2 10 M
=21.5 | 12 1/2 7L
=31 € 1/2 10 M
0.25 =20.5 6 1/2 10 M
- ~ 7 10 M
=18 21 1/7 10 M_
~16.5 10 1/2 10 M
—0.2% = 10 1/2 5L
0025 - * ‘g 5 L
-11.9 S 1/4 S L
T 0.2%2 ~12 3 10 M
=1T. 1% 173 10 H
602!2; ‘ -1605 t 1/2 16 “
~17. 4 1/2 T M
80Z | 9. L) ITH
=y 13 ITH
—0.50¢ -16 15 10M
-13 k) TH
~0.50¢ [ =11 —12 172 TL
~0.50 =11 — 18 TOH
0. 50 -15 7 3/4 10 M

—0.7% =5 12 SL
—0.7%8 -10.35 — 9 1/2 B M
=10.5 10 174 B M

NOTE:

1Gustiness:

Low (L) = less than +1.5 mph.

2ICEX® Tests
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Figure p. Spray Rig Icing Test Conditions.

Symbo1
(o] Accretion to 0.25 Inch
@] Accretion to Aircraft Limit
) Ay Multiple Cycles Immersion
0 Note: Flagged symbols represent icex tests
-
5 —
n ] O O
£ .10 - é\ o
- "= (0 A
- O
g ] &
= 4
S - O
§ -15 — o’
= .
1 F
.
-
-25 1 1 T 1T 1T 71 71T 711
* 0 0.2 0.4 0.6 0.8 1.0

LIQUID WATER CONTENT (GM/M?)




Q
-
(%
&
[
[
L
&
~
@
&
Y
L]
8
=
-
3
©
-4
9
~

Photo 3.

ICAL L N AL L N Y L "R 8 T 4 T4
A L N Ot T QAL "\:4'\""-’7-‘\-*-'»\" DA

PPV S U W' N R SO IR W SO N EERN S ol P W o gl




44, The amount and thickness of remaining ice after a single
deice cycle at low accretion levels is insignificant, as shown
in figures E, and F. High-speed photography revealed that ice
fracturing during PBDS activation occurred differently at the
lower accretion levels, with ice leaving the deicer boot near
blade station 84 firet, then 1inbosrd and outboard almost
simultansously. '

.- &3, During the immersion times intendad to reach an aircraft

" limit, the 5 PSI torque riee caused by ice accretion was never
. reached due to natursl ice sheds and/or ice shapes that conformed
to the main rotor blades. All PBDS activations resulted in
oymmetrical ice shede without increases in lateral vibrations.
Activation of the pneumatic deicer boots after natural asymmetri-
cal ice sheds reduced the associated vibration within two seconds
and is an enhancing characteristic. Afrcraft power required
increases experienced during deice cycles were the gsame aa seen
during hover psrformance.

46, Limited flight testing was conducted at -5°C, however, natural
ice shedding occurred frequently enough that PBDS activation was
not necessary. All single deice cycles resulted in clean blades
without residual ice remaining on the deicer boot. Weather at
tha test site allowed for one afternoon of icing tests at the
«3°C condition, permitting a total of ounly 0.5 hour of flight
time in the sepray cloud at =5°C; therefore, multiple cycles
immersion and ICEX® testing were not coipleted at this temper-
ature.

47. At =20°C and 0,25 gn/l3 LWC, 1ce accreted to almost full span
on the main and teil rotor bdladee as shown in photoe 4 and S.
With higher temperatures the spanwiss accretion is reduced. At
=~10°C ice accreted to approximetely 702 to 80X of the main rotor
blade span and S50% to 60% at =5°C 4in the hover condition.

48, The outboard section (past bdlade station 192) may be self-

shedding prior to accreting 0.25 inches at the midspan during

icing tests. If the outboard blade ares self-sheds continuously
’ snd eymmetrically from the ESTANE® gurface, then a spunvwise
reduction of the pneumatics within the ESTANE® boot may be in
order with future design changes. A epanwise reduction of the
pneumatice, especially in the higher 11ift and velocity areas of
the main rotor blads, would probably reduce profile drag, vidbra-
tion levels, ESTANE® erosion, deflation times, and improve hand-
1ing qualities during PBDS activation. An investigation should
be made to determine the feasidility of reducing the spanwise
distridbution of the pneumatic deicer bdoots in future pneumatic
deicer changes.
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Figure E. Residual Ice after Deice Cycle at ~-12°C
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ICEX® TESTING

49. ICRX® appeared to promote earlier ice shedding and reduction
of residual ice after deicing, and lengthened the elapsed time to
start of moderate vibration levels. The erosion and flow
cheracteristics of the ICEX® compound were documented after each
flight. A strip of 2 inch tape (3M No. 355) wae pressed to the
rotor blads surface to qualitatively evaluate 1its adhesive
strength, 1f the tape adhered to the blade surface similar to a
clean dry blade surface, then the ICEX® was considered to be
eroded. ICEX® was re-applied to the full span of the deicer boot
daily. ICRX® erosion appears to be similar to that found during
ice phobic teating reported in reference 17, appendix A, After a
total immersion time of 36 minutes at 0.25 and 0.50 gm/m3 in the
icing cloud at -11°C with 1light enow, the ICEX® was eroded f.om
the leading edge of the rotor blade from the tip to blade station
168 as shown in figure G. ICEX® may be useful in reducing the
small amount of residual ice found on the pneumatic deicer after a
deice cycle found in the lower g and velocity areas from blade
station 84 inboard. The susceptibility of ICEX® to erosion on the
UH-1H main rotor blade is’'a prodblem area and should be corrected
prior 2o use of ICEX® in the icing environment.

50, While conducting teste at the spray rig, a decrease in system
pressure to 13 PSI was experienced during a PBDS activation. The
reduced pressure output diminished the deicer effectiveness,
leaving approximately a 36 inch length of 0.20 inch thick ice on
either side of the 50X span point on the main rotor blade. The
PBDS regulator had malfunctioned internelly allowing bleed air to
vent overboard. Loss of PBDS pressure due to a malfunctioning
regulator is discussed further in the reliability and maintain-—
ability section of this report.

RELIABILITY AND MAINTAIRABILITY

General

51. The reliability and maintainability of the PBDS were evaluated
during all testing phases. Phase I testing was performed using
three successive modifications (app B) to the internal deicer
design which were intended to reduce the deicer deflation time
interval. Phase II 4included testing with modifications three
and four while Phase III was conducted entirely with the fourth
deicer modification.




i

100€ ¥30130

4

uoysoag xaI °9 dan3y4
7777777777777 A 777777777}
QINIVWIE X3 J9IHM VIRY
LHONI1SOd
QIVddY SYM
114 Tél X321 36INM VIBY
NOILViLS NOU V1S osi
3avie 3avie NOuvis v ¢
3av1e NOUVIS NOWL VLS
T 2 avie

1HONINd

100

» o -
2 A PR . O, ..
PR 3 U RS S N SR SR Y SN e IR ST W G D NPT et W




Phase I Testing:

52. During hover and low airspeed structural tests the leading

adge of the pneumatic deicer boot beyond blade station 240 \
exhibited erosion and small punctures of the ESTANE® macerial
creating a loss in system vacuum and pressure. Deicer erosion
primarily occurred during structural survey testing involving
flight over hard surface areas at EAFB and involved sustained - O
inflation of the pneumatic deicer close to ground level. Sus- '
tained inflation of the deicer near ground level may increase the

susceptibility of the pneumatic deicer to erosion and would not .

be a normal operatiang environment or mode for the PBDS. While N
erosion continued to a lesser degree during Phase II and Phase
I1I testing, sufficient testing time was not available to properly
address deicer erosion due to limited test scope and repeated
modifications requiring removal of the deicer boot from the main 3
rotor blade. These small punctures were readily repaired by BFG :
using cold or hot patches, however, the susceptibility of the
boots to erosion damage is a problem area. Further investigation

of the erosion properties of the pneumatic boot in both the sand -
and rain environments should be accomplished as soon as possible. M
53. During a PBDS operational check of a modified ejector control 4

valve, one pneumatic deicer boot ruptured (blow out) as shown in <
. photo 6. This created a slight rotor vibration with loss of
systen vacuum for deicer deflation. This occurred on a sunny day
with outside air temperature (0OAT) of +25°C aud winds of less
than 5 knots. The flexible ESTANE® material appeared to have
seperated from the fabric backing and formed into a 0.75 inch
- bubble that burst upon inflation. BFG engineers speculated
that the black deicer surface may have become heated above 65.6°C
(critical bonding temperature of only 65.5°C could be a problem
in itself) while the aircraft was sitting on the ramp prior to

(R S S

run—up, causing the deicer surface t~ debond and rupture. BFG Y
replaced the defective pneumatic boor and recommended that the
poeumatic boot no longer be activated at outside air temperatures 3

greater than +15°C., The rupture of the pneumatic boot 1s a
problem area. Further investigation to determine environmental
limitations regarding pneumatic deicer surface temperatures -
should be conducted prior to release for field operations.

S4. Two of the deicer modifications as discussed in paragraph 15
provided & limited opportunity to assess the retrofit potential
of the pneumstic deicer. Eight man-hours were spent preparing
the main rotor blade surface which included removing old paint v
(new blade) with Methvl Ethyl Ketone, sanding the blade surface %
with 250 wet and dry sandpaper and then wiping the blade with :
toluene. Two coats of a 3M adhesive (3M 1300L) were then applied
to the leading edge of the blade surface and backing of the
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deicer boot. The blades were allowed to set overnight while the
adhesive dried to complete the blade preparation. BEight man-
hours were then spent placing the deicer boot on the main rotor
bludes after activating the 3M adhesive with toluene. BFG
recommends 48 additional hours prior to inflation of the deicer
for inepection and use.

55. During flight and prior to activation of the PBDS the system
prassure was manually adjusted to 25 PSI at the regulator. This
process was extremely awkward for the pilot or copilot to accomp-
ligh so an extra crewmember was required to monitor/adjust PBDS .
pressure during flight. The requirement to constantly monitor/

adjust PBDS pressure during flight is a problem area. Future

designs should incorporate automatic system pressure regulations

that will compensate for engine bleed air pressure changes which

affect system pressure.

Phase III Testing:

56. While conducting artificial icing tests pressure delivered to
the pneumatic deicer decreased to 13 PSI during a PBDS activationm.
The reduced pressure output diminished the deicer effectiveness
leaving approximately a 36 inch length of 0.20 inch thick ice on
either side of the 50X span point on the main rotor blade. The
diaphragm within the PBDS pressure regulator became displaced to
one side of the regulator allowing bleed air to port out the
pressure relief vent shown in figure 1, appendix B. The diaphragm
was easily repositioned within the regulator and made serviceable
for continued icing tests. Loss of PBDS pressure to the pneumatic
deicers due to a wmalfunctioning regulator should be further
investigated and corrected prior to operation in the natural
icing environment.

S7. During Phase¢ II1 testing, lumps developed 1in the deicer

boots near the blade tips. These lumps were caused by a breakdown

of the internal ventilation material. Pieces of this materisl

were being forced to the blade tips by centrifugal forces. The

lumps were reduced in size by BFG personnel cutting into the

deicer boot, applying shop air to keep the boot inflated, digging

the pleces of material out of the boot, and then patching the

boot. This breakdown of the internal ventilation material 1is

a problem area. Breakdown of internal ventilation wmaterial will -
require correction prior to further testing.
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CONCLUSIONS

GENERAL

58. The following conclusions were reached upon completion of the
UH-~]1B PBDS testing.

a. The concept of operation of the PBDS as a deice system is
feasible under the conditions tested when installed on the teat
UH-1H helicopter.

b. Thirteen problem areas were identified of which only two
were corrected during the evaluation.

PROBLEM AREAS

59. The following problem areas associated with the PBDS installa-
tion were identified, but noz corrected.

s. bdreakdown of the internal pneumatic deicer ventilation
material (paras 42)

b. erosion of the ESTANE® material from the outboard leading
edge of the UH-1H main rotor blade (para 20)

¢cs loss of regulated PBDS pressure during flight (para 56)

d. the increase in power required for level flight with the
PBDS installed (para 25)

e, ths large powar increase during PBDS activation cycles in
forvard flight (para 26)

£. the increase in power required to hover with the PBDS
installed (para 23)

g the vertical vibration levels experienced during activa-
tion of the PBDS in forward flight (para 35)

he the aircraft response to PBDS activation during hover and
forvard flight (para 34) '

i, excessive pneumatic deicer deflation time (para 14)

jJ. reduction of system pneumatic pressure (para 16)

k. the requirement to constantly monitor/adjust PBDS pressure
during flight (para 55)




RECOMMENDATIONS

60, The following recommendations are made:

a. Correct the internal breakdown of the pneumatic deicer by
BFG prior to further testing (para 57).

b. Investigate erosion properties of the pneumatic boot in
sand and rain environments as soon as possible (para 52).

c. Improve reliability of pressure regulator prior to opera-
tional testing (para 56).

d. The increase in power required for level flight with the
PBDS installed should be reduced 1f the pneumatic deicer
design 18 to be pursued further (para 25).

e. The power required increase during PBDS activation cycle
in forward flight should be reduced if the pneumatic deicer design
is to be pursued further (para 26).

f. The power required to hover with PBDS installed should be
reduced 1f the pneumatic deicer decing is to be pursed further
.(para 23).

g+ Vertical vibration levels experienced during activation
and also venting of the PBDS sghould be decreased (para 35).

h. The aircraft response to PBDS activation during hover and
foward flight should be improved (para 34).

i. The deicer deflation time should be reduced prior to
future icing tests (para 14).

j. The modification of the ejector control valve should be
accomplished to achieve the nominal system pressure of 25 PSI
after heat soak prior to icing tesva (para 16).

k. Incorporate automatic system pressure regulators that
will compeusate for engine bleed air pressure changes (para 55).

l. A means of preventing deicer boot autn-inflation should be
devised prior to cperational testingz of the PBDS (para 28).

m. The airspeed should be reduced be.ow 80 KCAS and a landing
made as socn as practicable if PBDS fails in vented condition
(para 27).

n. Investigate reducing the spanwise coverage of the pneuma-
tic deicer boots (para 48).
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o. Investigate deicer surface temperaturs operationsal limita-
tions prior to operational testing (para 53).

pe The susceptibility of ICEX® to erosion be reduced prior
to operation in the icing environment (para 49),
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APPENDIX B. DESCRIPTION

GENERAL

1. The teet helicopter, US Army S/N 70-16318, was a production

UB-]1H modified to accommodate test instrumentation, the Pneumatic

Boot Deicing System (PBD3) installation, rotor brake and a partial

ice protection seystem (Kit A)., The principal modifications

included the PBDS components 1installed within the cabin area,

zouting of bleed air through the mast and rotor assembly, and the .
pueunatic deicers installed on the main rotor blades. Photos 1

and 2 show the test aigcraft with the PBDS and test inetrumenta-

tion installed.

PNEUMATIC BOOT DEICING SYSTEM

2. The PBDS installation consisted of six major components: the
PEDS regulator-relie.er/shut-off valve (fig. 1), ejector flow
control valve (fig. 2), timer (fig. 3), rotary union (fig. 4),
hose and flap assembly (fig. 5) and the pneumatic deicer (figs. 6
through 8). Schematice of the pneumatic deice:r system layout
designed for evaluation purposes are presented in figure 9.

3. Customer bleed air from the aircraft engine is routed through a
check valve to the regulator-reliever/shut-off valve, which {is
manually adjusted to the system operating pressure of 25 PSI,
The solenoid-operated ejector flow control valve (electrically
energized by the timer) ports bleed air through the pneumatic
rotary union to the deicers in a single inflation activation
cycle. A mnormal activation cycle consists of inflation of the
deicer boots for approximately two seconds, followed by subsequent
deflation, uith the solenoid de-energized, the ejector flow con-
trol valve provides the vacuum necessary to keep the deicers de-~
flated by porting bleed air overboard. A shop air test connection
is installed downstream of the check valve for lsak and mainte-
nance chaecke. An electrical/manual gate valve 1s° provided up-
stream of the rotary union to capture. preasure or vacuum in the
deicer boots and prevent deflation dwi'ing performance testing
or leak checke. The pressure gauge dowastregm of the regulator-
reliever/ shut-off valve displays regulated pressure of the -
ejector control valve. A vacuum/ptessure gauge downetream of
the gate valve displays the vacuum or pressure of the deicer
boots. To evaluate a degraded mode that would occur with engine
failure or damage to the PBDS8, vacuum to the deicer boots could
be removed by use of the regulator-reliever/shut-off valve.,
This allows the deicer boots to vent to ambient atmospheric
conditions through the de-energized ejector control valve, re-
sulting in partial boot inflation (auto-~inflation) from differen-
tial air pressures and centrifugal forces on the rotor blades.
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Sac o a-a O - e N P AN Y e W N L W e, e, m e,
B S WP A NS SRS YRR SuflgPaliulihi Fadcaliicr o8 adyaliciely rafrafio-wB evily PRI CPR - Py e

Test Alrcraft with the PRDS and Test Instrumentation
Installed (Front View)




L‘;‘\,'J‘.'\'g

LA W

[ E -4

ARV, L

m
:
;
4

3ATPA JJOInyS/I3Ad]Toy-lo3eInBey °1 aanfyy

M3IYOS h-ﬁi.-h..-.d(

IN3IA 43¥ 3INSSIUd
43173¥ 3¥NSSIVd
(S31OV1d ¥ dAl) Ezl
|
1

LN,

AWBA| WY
|
et
—
N

41




SOLENOID 28VDC
.5 AMPS (NOM)

THREADED ROD 3

& LOCKNUT ""IT[" 7 14 NF-3A

8 THREAD

F :4 PRESSURE
TP INLET

l*% T 3

20 OA. WIRE 24" LONG

MIL-W-1687D TYPE E

EJECTOR DUMP
OVERBOARD

- !

/ ‘ | EXPLODED VIEW
/ (NO SCALE)

Figure 2. Ejector Flow Control Valve
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Figure 3. PBDS Timer
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ENGINEER'S SEAT EJECTOR CONTROL VALVE “

HEAT SINK N

Figure 9. Schematic of Pneumatic Deicer System (Overview)
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Check Valve

4. The check valve is a basic exiel flow, spring loaded, poppet
type unit. During normal operation, the valve poppet 1is open
and has low resistance to flow of air from the engine compressor
bleed air supply connsction. The valve poppet closes to prevent
leakage when the direction of air flow through the valve reverses
during ground test only.

hﬂhtor-hucvcrﬁhut-ou Valve

5. The regulator portion is a single-stage, diaphragm-type unit.
When the regulated pressure reaches ths regulator set point, the
pressure on a diaphragm closes a port, shutting off inlet ilcw of
air or preventing system pressure from rising above the system
set point, The pressure-raliever is a seeparate spring-loaded
poppet counected to a common system pressure port. The reliever
is set to open and relieve pressures slightly above ths system
nominal pressure 1level. Modifications were made to set the
regulated pressure to 25 PSI and the raliever to open at 27 PSI.
The regulator-reliever/shut-off valve is shown in photos 3 and 4.

Bjector Flow Control Valve

6. The ejector flow control valve is a three-way solenocid valve
(photos 3 and 5) with the deicer connected to the common port.
In the de-energized condition, the deicer port 1is connected to
the exhaust port through an incernal ejaector. System air pressure
is connected to the inlat port which has an orifice that operates
the ejector to supply vacuum to the deicer. When electrical
power is applied to the velve's direct acting solenoid, the
valve mechanism shiftc to shut-off vacuum supply air and to
direct inlet air through ths dsicer port to inflare the deicer.
When electrical power {s removed frou the valve solenoid, the
valve mechanism shifts to connect the deicer port to the exhaust
port and vacuun {e reapplied to the deficer. Modifications wvere
made to a 3D2331 ejector flow control valve to increase the
vacuum to 18 inchss of wmercury with a 25 PSI inlet pressure.

Control Switech

7. The contol switch (photo 6) is a single pole, momentary
contact, toggle switch with screw terminals. The coptacts are
rated for 15 amps @ 125 VAC or 10 amps @ 250 VAC. This switch
starts the timer for the single defcer inflation periocd.




Photo 3. PBDS Components
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lotatin‘ Union

- 8. The rotsting union (photo 3) 4s a single pass, straight
through air union, with two single row ball bearings. The union
utilises a balanced carbon steel to carbon graphite floating seal
with “0" ring. The union is rated by the wmanufacturer at
1000 RPM and 150 PSI maximum.

Deicer Hose and Flap

. 9. The deicer hose (B~118) 1is a wire reinforced neoprene and
fabric construction. The hose is modified with a flap conmstructed
of rubber with fabric covering to top and bottom. The flap is
used to attach the hose to the rotor blade surface. The deicer
hose is attached to the drag link using nylon cable ties (TY-RAP,
P/N TY-52M, Per MIL-8-23190 and MIS17332).

’t;"

=2

Pneumatic Deicer Timer

10. The pneumatic deicer time is an electrical-mechanical timing
device (photo 3) utilizing s relay to provide a single timed
output of electrical power to the ejector flow control valve
—.solenoid. When the timer is actuated through the control switch
the solenoid in the ejector flow control valve controlling air
flow is immedistely energized for the inflation period. At the
end of the deicer inflation period, the solenocid 1is de-energized
allswing the air to be evacuated from the deicers.

11. If the control switch ia depressed for more than the preset
deicer inflation period, the timer will de-energize at the end of
the period and the control switch must be relessed and depressed
again to start another inflation period.

12, Two modifications were made to the BFG time module: (1) time
period was made adjustadle from 0.5 to 3.5 seconds, and (2) the
module was put in a case for environmental protection.

Posumatic Deicer

13. The posumatic deicer consists of a smooth rubber and fabric
~ blanket containing two small spanwise deicing tubes along the
» leading edge, with the balance of the deicer consisting of smaller
chordwise deicing tubes as shown in figure 6. All tubes in each
deicer are simultanaously inflated through a single air connection
located on the "breeze side” of the deicer. The deicer is cement-
bonded to the airfoil leading edge.
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14. Deicing action 1is provided by pressurizing the stretchable
deicing tubes with compressed air. The inflation of the tubes
produces bending and shearing stresses in the ice causing it to
be broken into pleces and break its bond with the deicer surface.
The scavenging effect of the air stream and centrifugal forces
then removes the ice particles.

15. When the ejector flow control valve 1is de-energized, the
vacoum is applied to the deicer tubes. This 1is necessary to
resist negative aerodynamic pressures and to maintain the tubes
in a flat or deflated condition. The “"breeze side” of the deicer
incorporates a 0.025-inch ply of "ESTANE®" (BFG polyurethane) to
resist weathering and abrasion. To aid application to the blade,
the deicer centerline leading edge reference line on the back of
each deicer is to coincide with the centerline leading edge of
each airfoil. The deicers are designed to operate at 25 PSI
(nominal) and to be installed cover the basic airfoil.

Pneumatic Deicer Modifications

16. All of the inflatable tube area was reportably designed with
in internal self-venting construction that allows vacuum to be
applied to all the tube area regardless of the point of applied
vacuum (air connection). Analysis of deicer deflation time
intervals pointed to a need for auxiliary venting to improve
internal flow of air during deicer deflation. Four boot
modifications were accomplished during this evaluation. The
first BFG wmodification was to add auxiliary internal vents at
the aft edges of the deicing tubes on the upper and lower surfaces
as shown in figure 10. This modification added an increase in
local profile thickness of about 0.04 inch; however, further
testing did not show significant reductions 1in deflation time
and the auxiliary vent appeared to become clogged with what BFG
called soapstons deposits. (Socapstone is used during deicer pro-
duction.) The second modification was applied to the inboard
end of the deicers near blade station S51. The inboard ends of
the deicer were temporarily debonded so that an additional air
path could be made from the area of the air connection to the
auxiliary air vents at the aft edges of the tube area as shown
in figure 10. The added air path appeared as a full width fabric
patch and added about 0.06-inch thickness which improved deflation
time slightly. The third modification required replacement of
the deicers and consisted of the addition of asuxiliary venting
to the full length of both one-inch spanwise deicing tubes located
at the blade leading edge as shown in figure 10. This reduced
deflation time to 40 to S0 seconds. The deicer thickness at the
span tubes increased approximately 0.04 inch and tapered to the
nominal thickness cof 0.85 inch over a 1.25-inch distance aft of
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the tubes on the upper and lower surfaces. The fourth modif{cation
included the addition of auxiliary venting in the spanwise
tubes but removed the auxiliary air path aft of the deicer tubes.
This modification did not effact the deflation rate.
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APPENDIX C. INSTRUMENTATION AND
SPECIAL EQUIPMENT

INSTRUMENTATION

1. The test instrumentation was installed, calidbrated, and
saintained by the US Army Aviation Engineering Flight Activity
(USAAEFA), except the load strain gages which were installed by
Bell Helicopter Textron (BHT)., Digital and analog data were
obtained from calibrated instrumentation and were recorded on
magnetic tape and/or displayed in the cockpit. The digital
instrumentation system consisted of various transducers, signal
condition units, an eight-bit pulse code modulation (PCM) en-
coder, and an Ampex AR 700 tape recorder. Time correlation was
sccomplished with & pilot/engineer event switch and on-board
recorded and displayed Inter-Range Instrumentation Group (IRIG) B
timea. Analog data were recorded on one track of the AR 700
recorder through the wuse of a voltage control oscillator.
Various specialized tect indicators displayed data to the crew
continuously during the flight. The instrumentation rack {is
shown in photo 1.

2. In addition to standard ship's instruments, the following
parameters were displayed on calibrated test instruments and
~ recorded manually in the cockpit:

Pilot's Patel

Airspeed (ship's)

Altitude (ship's)

Fuel flow

Fual used

Bngine torque

Engine inlet screen differential pressure
Rosemount outside air temperature (OAT)
Rosemount liquid water content (LWC)
Tether cable tension

Eggin‘er'o Panel

Main rotor speed

Bjector control valve regulated pressure.

Vacuum/pressure of the deicer boot

Engine bleed air temperature at engine deck

Engine bleed air temperature at the ejector control valve

' Engine bleed air temperature at the regulator-reliever/shut-off
valve
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8
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3. The following parameters were recorded on magnetic tape.

PCM Paramatqu

Control position
Longitudinal ;
Lateral ¢
Directional -
Collectdive
Engine torque
Fuel flow
Puel used
Airspeed (ship's) .
Altitude (ship's) -
Main rotor speed
Bleed Air Press (pressure/vacuum)
Bleed Air Press for PBDS
Aircraft attitude
Pitch
Roll
Yaw
Alrcraft rates
Pitch
Roll
Yaw
Outside air temperature
Center of gravity normal acceleratien
Tether cable tension
Pilot seat vertical vibration =
Main rotor blade pitch angle (red blade)
Main rotor blade flapping angle (red blade)
Main rotor azimuth
Main rotor mast torque
Main rotor mast bending perpendicular
Main rotor blade beam and chord bending at the following
stations '
Station 35
Station 84
Station 150
Station 192
Station 234

’ 4, The following frequency nodulated parameters were recorded
and telemetered o a ground ntation for real-time safety of flight
monitoring.

Main rotor pitch link axial force
in rotor mast bending parallel
Main rotor blade beam bending at station 192

ol
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Main rotor blade chord bending at station 192
Main rotor hudb beam bending at station 6.3
Main rotor hub chord bending at station 6.3

SPECIAL EQUIPMENT

Icing Spray Rig .
S« The icing spray rig, operated by the National Research Council
of Canada, is located adjacent to Canadian Forces Base Uplands in .

Ottawa, Ontario, Canada. It consists of a 75 foot by 15 foot
nostsle arcay on a 59 foot mast. The spray assembly consists of
156 nozzles through which water and steam are pumped. Vater
stomization {s schieved through the use of the steam. The spray
rig has two operating heights, fuil up or full down (approximately
54 feet and 23 feet from the ground to the top of the spray array,
respectively). Wind anemometer cups are attached to the top of
the noztle array to provide windspeed to a meter located in the
control room.

High Speed Video System

6. To document 1ice accretions and deicing action of the PBDS
during icing epray rig tests, an NAC, Incorporated High Speed
Video System HSV-200 wae used. The systeam consisted of a color
camers, portable record/playbsck video tape recorder unit, and a
monitor. Tha color camera contains & built=-in mechanical shutter
for use in ambient light which limits exposuzre to 500 microseconds
per field in order tc eliminate motion blur. The system utilizes
a VHS standard video format with a scanning rate of 200 fielde per
second and a maximum recording time of 36 minutes with VHS-T120
cassetts. Playback modes include: normel play at che recorded
speed; slow motion forward comtinuously varisble from ! to 15
fields/second; slow motion teverse at 10 fields/eecond; single
frame advance; end still, stop wmotion (45 second duration).
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APPENDIX D. TEST TECHNIQUES AND DATA
ANALYSIS METHODS

PHASE I FLIGF LOADS SURVEY

1. Refere .e 11, appendix A was used as a guide for evaluation
purposes. Critical loads parameters indicated in appendix C
were telemetered to a ground station for real-time safety of
flight monitoring by a Bell Helicopter Textron structures
engineer.

2. Initial testing was conducted with the aircraft ballasted to
9500 pounds gross weight and tethered to a “"deadman” anchor.

. Rotor system loads associated with the three Pneumatic Boot
Deicing System (PBDS) configurations (deflated, inflated, and
vented) were monitored via telemetry and analyzed during starting
and acceleration t» engine idle, normal operating rpm, and maximum
governing rpm. Since no problems were encountered, pcwer was
increased in increments of 5 PSI of engine torque to allowable
limite at rotor speeds of 294 and 324 revolutions per minute (rpm).
Dynamic system-engine compatability was evaluated at each of the
two rotor speeds at three power gettings corresponding to minimum,
mid-range, and maximum. This evaluation was accomplished by
manually cycling the collective and directional controls at the
critical frequency of the dynamic system (approximately 2.9
Hertz) and at frequencies 0.1 Hertz slightly above and below
critical.

3. Aifter analysis of the ground test louds survey data by the
stiuctures engineer, inflight testing was accomplished. The
critical loads parameters were monitored and analyzed during
hover, low-speed, level flight, climbs and descents, and auto~-
rotational entries. Inflight dynamic system-engine compatibility
wvas also evaluated.

PHASE 11 PERFORMANCE AND HANDLING QUALITIES

Performance

4. The helicopter performance test data were generalized by use
. of nondimensional coefficients and were such that the effects of
compressibility and blade stall were not separated and defined.
The following nondimensional coefficients were used to generalize
the hover and 1level flight test results obtained during this
flight test program.

a. Coefficient of power (Cp):

SHP(550)
Cp-
PA(fIR) (1)




b. Coefficient of thruet (Cr):

Thrust
T e’ @
c. Advence ratio (u): .
1.6878Vp
» e 1]
T (3)

Where:

SHP = Engine output shaft horsepower

550 = Conversion factor Sft-lb/sec/shp)

p = Air density (slug/ft7)

A v Main rotor disc area (ft2) = 1809.56

1 = Main rotor angular velocity (radian/sec) = 33.93 (at 324 rpm’

R = Main rotor radius (ft) = 24

Thrust = Gross weight (1b) during free flight in which there
i8 no acceleration or velocity component 1in the
vertical direction. Tether load must be added 1in
the cese of tethered hover.

1.6878 = Conversion factor (ft/sec/knot)

Vr = True airspeed (knot)

For a rotor speed of 324 rpm, the following constants were used:

A = 1809.56 ft2

R = 814,30 fe/sec

A(OR)2 = 1199893575 £t4/sec?

A(AR)3 = §,770743174 x 1011 £¢5/gec3

Shaft Horsepower Required

5+ The engine output shaft torque was determined from the engine

nanufacturer's torque system. The output shp was determined from ‘e
the engine output shaft torque and rotational speed by the

following equation:

2n x Np x Q
SHP =

33,000 (4)
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Where:

= Engine output shaft rotational speed (rpm)
Q = Engine output shaft torque (ft-1b)
33,000 = Conversion factor (ft-1b/min/shp)

-Hover Performance

6. Hover perforsance data were gathered during S5-foot tethered

hovaering flight. Power was varied between data points from the
minfmum required to maintain tension in the tether cable, to the
maxisum power available. Cable tension was measured and added to
the aircraft gross weight to determine thrust (required in
equation 2). To further increase the range of Cr and Cp, main
rotor speed was varied from approximately 91 to 100 percent.

Level Flight Performance

7. Level flight performance data were reduced using equations 1,
2, and 3. The speed power was flown at & predetermined constant

by maintaining a constant gross weight to density ratio
(W/o). The aircraft was flown in coordinsted (ball-centered)
flight with altitude increased between data points to maintain
the constant W/o.

8. Test-day (measured) level flight power was corrected to

standard—-day conditions by assuming that the test-day dimension

less parsseters Cpt, Ort, and g, are identical to Cp , Cp ,
s [

and u,, respectively.

¥rom equation 1, the following relationship can be derived:

Ps
SBPq = SHP,

Where:
Subscript t = test day

Subscript 8 = standard day

HANDLING QUALITIES

9. Stability and control data were collected and evaluated using
standard test methods as described in reference 13, appendix A.
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10, The Handling Qualities Rating Scale (HQRS) presented in
figure ! wvas used to augment pilot comments relative to handling
qualities and work load.

Vibration Rating Scale

11. The Vibration Rating Scale (VRS) presented in figure 2 was

used to augment crew comments on aircraft vibration levels during .
PBDS activation cycles and main rotor asymmetric 1ce sheds

encountered during Phase III testing.

PHASE III1 ICING SPRAY RIG TESTING

12, Phase 1Il1 testing was conducted using the Icing Spray Rig
described in appendix C. Standoff distance for the test aircraft
was 100 feet measured from the rig mast to the aircraft main
rotor mast (approximately 76 feet from blade tip to nozzle array
for the UH-1H). Red marker panels were placed on the ground and
personnel in the control room and in a ground vehicle equipped
with an FPM radio were used to adviee the aircraft on proper
poaition in the spray cloud. Proper cloud entry technique was to
establish a 20 to 30 foot hover outside the cloud and transition
into the cloud from the side.

13, The 1liquid water content (LWC) at the test aircraft is affected
by the time of flight of the droplet and the gustiness of the
wind. The time of flight of the droplet 1is determined by the
wind epeed and the distance from the spray array. Figure 3
shows the correction factor, based on gustiness, to be applied
to the required test LWC in order to determine the LWC needed at
the spray array. The gustiness is defined as the average value
of variation from the mean wind speed, the three ranges being:

Low gustiness: O to +1 1/2 mph
Medium gustiness: + T 1/2 to +3 mph
High gustiness: +3 mph or greetet

The correction factor was determined empirically by the National .
Resesrch Council of Canada during flights of & Bell 47J helicopter
in the cloud. The thickness of accreted ice on the rotor blades
was measured and the LWC required to produce such an accretion at
the conditions of flight was calculated.

14. Once the LWC necessary at the spray array is determined by
sultiplying the required test LWC by the correction factor ob-
tained from fizgure 3, figure 4 is used to determine the operating
water flov rate and sateam pressure. After 1locating the mean
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wind speed on the wind speed ordinate, move vertically to the
curve of the necessary spray array LWC. PFrom this point move
horizonally to the right to intersect the desired test droplet
dianmeter. The coordinates of this point give the required steam
pressure and water flow rate.

15. The tast procedure involved first immereing the aircraft in
the spray cloud for a time interval estimated necessary to accrete
a 0.25 inch ice thickness at the main rotor blade mid-span point.
The aircraft was shutdown and these accretions were documented by
hend measurement and still photography. The aircraft was restarted
and a PBDS activation cycle wss performed to shed the ice. The
aircraft was again shutdown and an inspection of the ice remaining
wvas nade to document the effectiveness of ice removal. After
photographic documentation, residual ice was manually removed,
the aircraft was restarted, and the spray cloud was reentered
for an immersion time necessary to reach either a predetermined
aircraft operating limit or 15 minutes, whichever occurred first.
The applicable aircraft 1limits for this test were either an
increase of 5 PSI engine torque, an increase in inlet differential
pressure of 10 inches of water, or odnset of a moderate vibration
level resulting from an asymmetric shed. When the aircraft
exited the cloud, a PBDS activetion cycle was performed. PBDS
activation cycles were documented with the high-speed video
system described in appendix C,
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APPENDIX E. TEST DATA

Figure Figure Number

Nondimensional Hovering Performance 1

Lavel Flight Performance 2

Control-Fixed PBDS Activation Cycle 3

Control Position in Trimmed Forward

Flight 4 and S .

Sideward Flight 6 and 7

Low-8peed Forward and Rearward Flight 8 and 9 ;

PBDS Activation Cycle 10 LB

]
- {
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APPENDIX F. UH-TH CONTROL SYSTEM
LOADS MONITORING

l. To simplify real-time monitoring of the control system loads,
only pitch link loads were monitored. Bell Helicopter Textron
PR , (Mr. J.A. White) provided the following information concerning
' the "trail” of the pitch link loads through the UH-1H control
systen.

[
é
.3
¢

2. The load at esach location in the control system is presented
in terms of a "coefficient” times the load at the pitch link.

SR "Schesatic diagrame of the control system are presented in fig-
L ures 1 and 2 to aid in the location and identification of a
- particular load in the control stream. The loads are grouped in
terms of rotating systeam components (table 1) and fixed components
] (table 2) since this ie the natural point of separation. Moni-
Cer tored ground and flight loads are presented in tables 3 through 8.
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Table 8. Main Rotor Horsepower Trends Monitored During Flight Loads

Survey Tes t:ing1

Boot Boot A Systen .
Flight Condition Normal | Cycled |Horsepower| Vented |Horsepower
Stabilized Level Flight 492 686 194 610 118
50 KIAS 500 719 219 610 110
60 KIAS 517 753 236 635 118
70 KIAS 610 863 253 677 67
80 KIAS 610 846 236 745 135
90 KIAS 660 880 220 745 85
100 KIAS 762 972 210 930 168
60 KIAS Climb @ 35 psi Q 702 964 262 812 110
60 KIAS Degcent @ 14 psi Q| 323 517 194 424 101
60 KIAS Climb @ 43 pei Q 896 -— - 989 93
90 KIAS Climb @ 39 psi Q 778 972 194 913 135 |
90 KIAS Descent @ 24 psi Q| 492 728 236 618 126 ;
70 RTAS Autorotation? - _— -—
180 KIAS Autorotation -— - -_— -— -
90 KIAS Autorotation -— - -— -
15° Banked Turn to Left 643 888 245 863 220 |
30° Banked Turn to Left 753 930 177 905 152 %
15° Banked Turn to Right 669 922 253 804 135
30° Banked Turn to Right 677 956 279 871 194

NOTES:

Icalculated horsepower is based on measured mast torque and 100% (324 RPM)

rotor speed.

2Dur1ng autorotation there is no drive torque and boot was not cycled for

this flight corndition
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-Federal Aviation Administration Technical Center

(Contract Services Division ANA-70) 3
NASA/Lewis Rassarch Canter 3
Boeing Vertol Company (Andy Peterson, Leo Dadone) 2

Sikorsky Afrcraft (Ted Carter, Bob Fleming, ;

Herbert Slaughter) 3
Director, Applied Technology Laborabory (DAVDL-ATL-ASA, t
Mike Rose) 1 ]
BY Goodrich (Norh Weisand) 3 k
Dell Helicopter Textron 3 !
NASA Lewis Research Center (Harold 8chmidt) 5
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